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ENGINEERING AND ECONOMIC STUDY ON TENT DECKS AND FRAMES
MCs-58-00-10
Type B Final Report

by

J. J. Troffalis

OBJECT OF TASK

To determine the economic and engineering feasibility of fabricating a tent
deck and frome from corrosion-and-fire-resistant materials rr Tent, Medivm, General
Purpose (MIL-T-00172 QMC).

ABSTRACT

Three materials, mognesium, plastics, ond aluminum, were investigated for
use in frame fabrication. Four materials, plastics, concrete, stabilized soils, and
corrosion-resistant metols, were studied for deck use. Procedures stemming from
the U. S. Marine Corps requirements resulted in the design ond fabrication of an
cluminum tent from= ond in the procurement and test of two types of aluminum decks.
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INTRODUCTION

o In certain circumstances, the U. S. Marine Corps prefers to house trainees in
tents in order to familiarize them with the field living conditions they may expect
to encounter during Marine Corps service.

NCEL was assigned the task of conducting a stuuy on the engineering and
economic feasibility of fabricoting rent decks and frams to meet Marine Corps
requirements.

DESIGN CRITERIA

The following criteria, based on existing requirements and information received
from the U. S. Marine Corps via BUDOCKS, were developed for the desigr of the
tent deck and/or frame:

1. Tent deck and frame must:

a. Be compatible with Tent, Medium, General Purpose
(MIL-T-00172 QMC).

b. Be fabricated of lightweight corrosion-resistant and fire-resistant
material.

¢. Have a minimum service-life of five years.

d. Have ports and assemblies capaoble of being manhandled.

e. Be easily fobricated by large or small shops.

f. Be economically feasible.

2. Tent frame skould:
a. Be of knockdown, prefabricated construction.
b. Be structurally adequate #> withstand a 40-knot wind normal to the
long axis.
c. Be capable of manual erection a minimum of four times.
G. Be suitable for erection under most soil and weather conditions.



TENT DECK TEST REQUIREMENTS

1. Eighty percent of the decks would be subjected to a floor loading of
40 psf.

2. Sixteen percent of the decks weuld be subjected to a floor loading of
100 psf.

3. Four percent of the decks would be subjected to a floor looding of

200 psf. (However, the Marine Corps stipulated that this need not be
a requirement of this study.)

TENT FRAME DEVELOPMENT

Magterial Investigation

The criteria governing the design of the frame restricted the field of investi-
gation to three materials: (1) mognesium, (2) plastics, and (3) aluminum.

The investigation of r. - ~sium cnd fibrous-glass-reinforced plastics indicated
that glthough a satisfactory frame may oe fabricated from these moterials, it would
be considercbly more expensive than aluminum.

Aluminum satisfies all requirements of the design criteria, as being corrosion
ond fire-resistant, lightweight, structurally adequate, readily available, ond
comparatively inexpensive.

Description

The frame, Figure 1, conforms to the tent size and has a base 16 feet wide
by 32 feet long and is 10 feet high at the ridge. The eave {ine is 5 feet 2 inches
above the base ard an entrance of 5 feet 6 inches high by 3 eet wide is provided
at each end. The structure is a rigid-frame gabled-roof design of aluminum tubing
prefabricated for knockdown constructicn. The eave bents, comers, and ridge
cennectors, as shown in Figures 2 through 5, are prefabricated from 2-inch-

O.D. 6061-T6 aluminum tubing with 1/4-inch 56061-T6 aluminum-plate gussets.
The framing members, fabricated fromn 1-1/4-inch 6061-T6 aluminum pipe, ore
pre~cut to length with the ends drilled ond/or slotted for assembly. The frame

weighs approximately 400 pounds. Detailed drawings for the frame are contained
in the Appendix.
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TENT FRAME TEST PROCEDURE
Erection Tests

Four erection tests were made to determine the suvitability of the frame for
assembly under advance-base conditions. To simulate these conditions, a crew of
civilion personnel of varied skills vias used for all erections.

The purpose of the first test was to determine the ease of erection with per-
sonnel unfamiliar with the frame and to record the monhours required for assembly
and erection. The second, third, and fourth erections were made to determine the
suitability of the design for repeated assembly and to record the manhours required
for assembly and erection. At least one man, familiar with the frame, was on the
crew except in the first erection test.

Erection Sequence
The erection sequence for the tests was as follows:

1. The roof frome was assembled, as shown in Figure 6, with the assembly
bolts finger-tight.

2. The assembly bolts were then wrench-tightened until g firm joint was
obtained. The completed roof frame is shown in Figure 7.

The canvas wos placed over the roof frame and secured with the existing
tie~down cords, cs shown in Figure 8.

The frame was raised and the struts were inserted and connected as shown
in Figures 9 and 10.

The frame was squared and staked to the ground tlirough the plates provided
at the base of each strut.

Results ond Discussion

A summary of the manhours required to assemble and erect the tent frame, in
each of the four tests, is giver in Table ! on pc3e 14.
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Table I. Summary of Manhours Required for Erection

Test Personnel Sequence Manhours
P
2 1 - Erect frame 2.90
Tiggers Square & anchor frame 0.40 -
2.40
2 ; Erect frame 1.30
2 . c.arpen ers Place canvas 0.15
i i rigger Square & anchor frame .00
l 2.45
2 ' Erect frame 1.45
3 < carpenters Place canvas 0.18
1 ! ngaer Square & anchor frame 1.00
2.60
2 Erect frome 1.15
4 N c-urpenters Place canvas 0.15
! roger Square & cnchor freme 0.45
1.75
* Canvas tent was not used for this test,
Several techriques were tried to determine one which would provide the simplest

and fastest method of erection. One erection was made using only a schematic
drewing of the ccmpleted frame. Some confusion in the distinguishing of the various
framing members prompted the establishment of o color code to qid in the indentifi-
<ction of the members. For the second test all joints were striped with an identifying
color, wirth framing members to the joints similarly marked. Subsequent tests indicated
that the color coding aided greatly in assembly of the frame.

One test was made where the component members of the frame were laid out
prior to assembiy, as shown in Figure 11. This technique, although simplifying the
procedure, did not reduce the time reguired for assembly and erection.
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It wos determined from these tests that four men provided the optimum crew
size tor the assembly and erection of the frame. The tools required consisted of an

adjustable end-wrench for each man and a 10-pound sledge hammer for staking the
tent.

Wind Load Tests

Simulated wind iood tests were conducted to determine the structural adequacy
of the frame under a 40-knot wind normal to the long axis. The frame was erected
and staked to the ground without the use of side tie-downs and the load applied ot

the eave line, as shown in Figures 12 and 13, to give ¢ maximum equivalent wird
looding of 6.45 psf.

Results and Discussion

The moximum deflection recorded for the two wino load tests was 5-1/2 inches
with a moximum residual deflection of 1-1/4 inches. The recorded deflections are
summarized in Table 1l on page 20.

During the first test, o weld defect in the nature of a crack, Figure 14, was
noted at comer connecter "E* (see Table 1I). After inspection, it was concluded
that the crcck was not serious enough to warrant discontinuing the tests. Inspection
following the second test revealed that the weld crack had not progressed with
repeated load applications.

As a result of these tests, and considering the weld defect as local in ncture,
the frame was considered structurally odequate.

TENT DECK DEVELOPMENT
Material Investigation

An Investigation was made to determine the moterial best suited for the deck.
The factors considered in the determination were as follows:

1. Design criteria

2. Number of units to be fabricated




Length of r'me the units would be in use

Per:onnel and equipment available for installation
Erection~time limitations
Logistics
Cost
Each of the factors in tum determine, limit and/or eliminate a particular material.

Four types of materials were investigated: piastics, stabilized soils, concrete,
and corrosior:-resistant metals.

Plcstics. Investigations into the use of plastics as a soil stabilizer or as ¢
fabricated deck indicated that limited availability and high cost would not moke
such a deck practicable at the present time. However, developmental work in the
plastics field may provide an economically svitable material in future years.

Stabilized Soils. The use of soils stabilized with chemicals (sodium silicate,
chrome lignin, and analine furfural), cement, and bitumuls was investigated.

Several objections to the use of chemically stabilized soil were found:

(1) high cost; (2) specialized equipment required; (3) possible toxic effect of the
chemical used; (4) number of personnel required for installation; (5) specialized
training of personnel required in the use and hondling of the chemicals; (6) curing
time; and (7) the question of stabilizing effectiveness of the chemical in all types
of soil.

Where soil conditions are satisfactory, soil cement would provide an odequate
deck material. The primary odvantage of soil cement is derived from the fact that
the bulk of the material required for the deck is located at the site. However, the
specific =0il conditiors for a satisfactory mixture coupled with the necessity for
specialized equipment and training of personnel in the plocement of soil-cement
surfaces tend to limit its use.

The use of soils stabilized with bitumuls offered the objection of possible
unpleasant odors produced by the stabilizing agent.
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Table lI. Wind Load Test

Lateral Egve Line Deflections

Jotai Lood Deflection - inches
(Ib)

Point A Point B Point C Point D

0 0.0 0.0 0.0 0.0
375 2.75 -
500 - 3.0
750 4.25 -

1000 - .5

0 (Residual) 0.75 2.

0 0.0
375 2.375
500 -
790 4.0

1000 -

0 (Residuai) 0.5

NS I AT

'

i e i

Tributary
Height
= 4,83

-

Loading —

2
3
4
4
4
3
i
3
|

Area

Area
Note: Defective weld ot comer *E® Wind lood

Wind lood

4.83 x 32.16
155 sq ft
1000/155
6.45 pst
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Concrete. Concrete offered the advantage of an economical, long-wearing
material. Two forms of concrete deck were investigated: pre-cast ponels and a
cast~in-place sleb or deck.

Pre-cast paneis, either prestressed or reinforced-concrete, offered the promise
of a suitable deck. However, the foct that the deck panels would be used @ number
of times presented handiing problems, as concrete does not lend itself well to repeated
handling. Cracking, chipping, and complete faiiure may result from the handling
required of a portable deck.

A cast-in-place reinforced-concrete deck would provide a long-wearing,
smooth, sanitary, and relctively inexpensive deck ideally suited for permanent
camp-sites. The reinforcement required for the slab would depend on the particular
soil conditions at the selected site.

The approximate dimensions of the deck required are 16 feet 3 inches by
32 feet 3 inches by 3 inches thick. Anchor bolts set into the concrete to coincide
with the frame struis wouid be used to anchor the frame to the deck.

Metals. Two metals were considered for use in the deck: magnesium and
aluminum. An investigation into the use of these two metals indicated that:

VI TRVE 9B fir BT W T e 1082w s s

1. Magnesivm and aluminum are of approximately equal strength, although
some aluminum alloys are stronger.

2. Magnesium is approximately one-third lighter than aluriinum.
3. Magnesium costs approximately twice as much as alvminum.

It was felt that the higher cost of mognesium was not justified by the -.eight scvings
and, therefore, it ~as decided to use aluminum for the deck material.

Description of Tent Decks

Two types of deck construction were investigated: an interlocking extruded
6063-T6 aluminum section and a section consisting of a heneycomb core with 6061-T$
aluminum focing both top and bottom.

Interlocking Section. A sufficient number of interlocking extruded cluminum
sections (Reynolds Metals Company Section Number 20133B) was obtained for the
fabrication of four test panels. The extruded section has an interlocking joint which
uvtilizes a pivoting wedge action as shown in Figure 15. The joint assure. a self-
aligning tight fit without the need of rivets, screws, or bolts.
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For test purposes, four 3-foot 8-inch by 8-foot panels were fabricated by
snapping seven of the 6-inch-wide interlocking sections together and framing with
on aluminum chonnel section. The completed panel is shown in Figure 16. In
liev of procuring --cial extruded sections, the sides of the deck panel were formed
by cutting off the locking portion of o section and snapping it into place on the
opposite side, thus forming a closed side. For large—quontity production, special
extruded sections, to form the two sides of the deck panel and provide a 4-foot-wide
panel, could be procured ot @ rominal cost. A complete 4~foot by 8-foot deck
panel v.ould weigh approximately 80 pc ...ds and cost approximately $50.00.

Sandwicn Constructed Panel. Four AIRCOMB panels, developad by the
Dougles Aircraft Company for building construction, were obtained for test. The
4~foot by 8~foot by 1.376~inch panels consisted of a 1.75-inch Style 125-35
Type~20 AIRCOMB core, 063 606176 aluminum facing both top an bottom and an

aluminum channel edge. The panel weighed 88 pound- ond the cost was approximately
$125.00.

TENT DECK TEST PROCEDURE

Load Test

The design criteria stipulated that 80 percent of fhe decks would be subjected
to ¢ floor loading of 40 psf, and 16 percent of the decks would be subjected to a
floor looding of 100 psf. In lieu of two decks, it was decided that a deck capable
of withstanding both loadings would be more economical. To obtain the most severe

condition, the panels were tested as simply supported beams. The deflections
recorded during the tests are summcrized in Tcble 11l on page 26.

Test Resulis and Discussion

The maziimum deflection recorded for the AIRCOMB panel under a 100 psf

loading was 0.62 inches, while the maximum deflection for the extruded-aluminum
panel was 3 inches.

The channel freming around the extruded-aluminum deck panel failed ot mid-
span with o locding of 75 psf as shown in the inseri in Figure 17. An additional

panei was fabricated, eliminating the weld ot mid-span, and tested to a loading of
100 psf without failure.

24
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Table 11l. Lood Test - Deck Panels

Deflection - inches

‘gg AIRCOMSB Panel Extruded Aluminum Panel
A B A B A B8 C A B C
0{ 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
10} 0.0 0.06 0.38 0.31 - - - - - -
20} 0.125 0.125 | 0.50 G.44 - - - - - -
30 | 0.25 0©.25 0.63 0.63 0.25 0.25 0.625 - - -
4 1 0.31 0.31 0.81 0.75 - ~ - 0.5%3 1.5 0.5
3 | 0.38 0.38 1.38 1.13 1.00 0.75 1.0 - - -
751 0.56 0.5 | Weld failure* Weld failure* 1.5 2.38 1.5
100 | 0.62 0.62 | Weld faiiure* Weld failure* 25 3.0 20
P See insert, Figure 17
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The results of the tests indicate that, while both types cf deck are structurally
adeguate, the AIRCOMS deck is considerably more rigid. However, since the
panels were tested os simply supported beams, a condition not expected under
normol instollation, ...e larger deflection of the extruded-aluminum panel is not
considered detrimental.

Deck Ascembly -

No deck assembly tests were conducted. However, assembly of the 16-foot
by 32-foot deck should offer no difficulty. The 4-foot by 8-foot panels con be v
lc:d directly on the ground or if necessary en dunnoge. The panels can be tied
togather with connector plates which are secured to the panels with self-tapping
metal screws.

A smooih level area should be provided for the b~d of the deck. This wili
assure a flat deck suface and keep the loading of the connector plates to o minimum.

Since the deck was designed to be independent of the frame, no facility for
securing the frame to the deck is provided. The deck is laid out inside the frame
structure, and the frame is staked or tied down.

PACKAGING STUDIES

A summary of the packoging and craring study is shown in Table IV. The frame
has a packaged weight of 430 pounds and a shipping cube of approximately 28
cubic feet. A complete extruded-aluminum deck, sixteen 4~foot by 8-foot panels,
weighs 1,280 pounds end has a shipping cube of 80 cubic feet. A complete AIRCOMB
deck, sixteen 4-foot by 8-foot panels, has a packaged weight of 1,400 pounds and
hos a shipping cube of 30 cubic feet.

COST COMPAKRISON

A comparison cf cost between the tent frames utilizing the AIRCOMB, extruded-
aluminum, ond cast-in-place concrete decks is given on the following poge.




e ol Yammasr s TN 5

Item Estimatec Total Shipping Weight
Cost (Ibs)

Frame w/AIRCOMR deck $3700 1,830

Frome vi/extruded~aluminum deck 1600 1,71C

Z::;;/::i—m-ploce 3-inch-thick 1180 430+

Frame w/o deck Lr 430

* It is assumed that the material required for the concrete deck vould be on hand
for other construction work. Otherwise, add 3,600 pounds for cement based on

a six-bog mix.

Table IV. Summary of Weights and Cubes - Tent Frame and Decks

Number Pock.oged Total Cube
Item of Weight (cw 1)
Packoges (lbs) cu
Tent Frame
C?nnecfors, bolts and nuts, ] 200 20.0
misc. tools
Fromingy members 3 230 8.0
Total 4 430 28.0
Deck
AIRCOMSB panels 4 1,400 80.0
Extruded-aluminum
panels 4 1,280 80.0
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CONCLUSIONS

Frome

1. The frame, as designea, is suitable for use with Tent, Medium, General Purpose
(MIL-T-00172 QMC).

2. The frame is capable of being assembled and disassembled 6 minimum of four

times.

3. The freme can be easily erected with a crew of four men in approximately thirty
minutes.

4. Color coding of the connectors and framing members aided in the assembly of the
frame.

Deck

1. The extruded-cluminum deck is structurally odequate.

2. The AIRCOMB deck is structurally adequate.

3. Cast-in-place concrete decks appear to be the best—svited for permonent camp
sites.

RECOMMENDATIONS

1. That cast-in-place concrete decks, -~ *th stud bolts set in the concrete to anchor
the frome, be used for permanent camp sites.

2. That for semi-permanent sites, the extruded-aluminum deck panel be used.
3. That for high portability, no deck be used with the frame.

4. That several of the frames and extruded aluminum decks be procured for in-
service tests by the Marine Corps.
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Amphibious Construction Battalions
Construction Bottolion Base Units

Chief of Naval Resecrch - Only

Chisf of Naval Operations (0p-07, 0p-04)
Bureous

Colleges

Leboratory ONR (Washington, D. C. Oaly)
Treining Device Center

Station - CNO (Boston; Key Wes?; New Crleans; Son Juen; Long Beach; Son Diego;
Trecswe Islond; and Rodsan, C. Z. Onl/)

Comemimiz=tics Siation (Son Juon; Son Froncisco; Peorl Horbor; Adok, Alaska; and
Guam only)

Ad=inistrarion Command and Unit CNO {Scipen only)

Communication Focility (Pt. Lyoutey ond Jopan only)
Security Station

Radio Stotion (Oso end Cheltanhem only)

Security Group Activiti. . (Winter Horbor only)

Hospital (Ch=!zeo; St. Aibons; Portsmouth, Vo; Becufort; Grect Lokes; Son Diego;
Ooklond; ond Camp Pendleton only)

Medicol Center
Admip:stretion Command ond Unit-BuPers (Great Lokez and San Diego only)

U. S. Fleet Anti:nir Worfore Troining Center (Virginia Beach only)
Amphibicuz Bases

Receiving Staticn (Brooklyn only)

S:ation - BuPers (Woshington, D. C. aniy)
Trcining Center {Beintridge only}
Personnel Center

Constructicn Troim..y Unit

School Accdemy
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copies

1

1
1
1
1

1

Distribution List {Cont’d)

School CEC Officers

Schoo! Postgroduate

School Supply Corps

School War College

C ication Training Center

Shipyords

%t oboratory - BuShips (New London; Panama City; Cord k; ond Amnapolis only)

Novol Focilities - BuShips (Antiguo; Turks Island; Berbodcs; Son Sclvedor; end
Elevthera caly)

Submarine Bose (Graton, Coan. oniy)

Novs! Support Activities /London & Neples only,

Fleset Activities - BuShips

Supply Center

Supply Depot (Except Guontonemc Bay; Subic Bay; and Yckosuko)
Avigtion Supply Office

BuDocks Director, Overseos Divition

Public Works Offices

Construction Bottalion Center

Constrocticn Officer-in-Charge

Coastruction Resident-Officer-in-Charge
Publiz Works Center

Housing Activity

Recruit Depots

Supply Installotions {Albony cnd Borstow only)
Marine Corps Schools, Quentico

Morine Corps Base

Marine Corps Camp Detachment (Tengon only)
Air Stoticn

Ajr Station

Air Station Auxilizry

Air Facility (Phoenix; Monterey; Oppama; Noho; ond Noples only)
Morine Corps Air Stotion (Except Q-nantico)
Mecrine Corps Auxiliory Air Station

Stoticn - BuWeps (Except Roto)




